Background: To identify the microorganisms that can grow rapidly in total parenteral nutrition (TPN) solutions, we investigated the growth of the major causes of catheter-related blood stream infection (Staphylococcus aureus, Serratia marcescens, Bacillus cereus, and Candida albicans) in TPN solutions without lipid. Methods: Experiment 1: A commercial TPN solution without lipid containing multivitamins (pH5.6) was used. A specific number of each test microorganism was added to each 10 mL of the TPN solution and incubated at room temperature. An aliquot of test solution was sampled and inoculated to SCD agar plates at 0, 24, and 48 hrs after the addition of the microorganisms. The number of microorganisms was counted as colony forming units. Experiment 2: The other 2 commercial TPN solutions without lipid (pH5.5) were supplemented with multivitamins. The pH values of the solutions were adjusted to about 6.0, 6.5, or 7.0 using 0.5 mol/L NaOH. The addition of microorganisms, incubation, and counting were performed in the same manner. Results: Experiment 1: S. aureus, S. marcescens, and B. cereus did not increase in the TPN solution without lipid containing multivitamins (pH5.6), but C. albicans increased rapidly. Experiment 2: The 3 bacterial species did not increase even at pH6.0, but increased at pH6.5 and increased rapidly at pH7.0 in both TPN solutions. C. albicans increased similarly at any pH. Conclusion: These results suggest that bacterial species cannot grow in TPN solutions without lipid due to the acidity (pH5.6 or lower), but Candida species can grow regardless of the acidity.
INTRODUCTION
Catheter-related blood stream infection (CRBSI) is one of the most common complications of intravenous catheters. [1] [2] [3] Total parenteral nutrition (TPN) solutions are considered to be relatively good growth mediums for microorganisms due to the components. 3, 4 To reduce or to prevent CRBSI, the growth properties of the microorganisms causing CRBSI in TPN solutions should be understood. Also, the factors which enhance or inhibit microbial growth should be investigated and identified. Because most TPN solutions used in Japan do not contain lipid, we first investigated the growth of the microorganisms in TPN solutions without lipid in this study. All TPN solutions used here contained multivitamins, because Staphylococcus aureus needs multivitamins (or lipid) to increase. 5 As the major causes of CRBSI, Staphylococcus aureus, Staphylococcus epidermidis, Serratia marcescens, Escherichia coli, Klebsiella pneumonia, Candida albicans, etc. were shown. 1, 2, 6, 7 Furthermore, blood stream infection outbreaks of Bacillus cereus via intravenous line were recently reported in Japan. 8 In the present study, therefore, Staphylococcus aureus as a delegate of gram positive cocci, Serratia marcescens as a delegate of gram negative rods, Bacillus cereus as a delegate of gram positive rods, and Candida albicans as a delegate of fungi were examined, and one standard strain and 2 or 3 clinical isolates of each species were employed. To identify which microorganism can grow in TPN solutions, the growth of all strains employed were examined in a commercial TPN solution without lipid in the 1st experiment. To identify which factor is effective to inhibit microbial growth, the growth of the standard strain of each species was examined at different pH values in 2 different osmotic pressure TPN solutions in the 2nd experiment.
MATERIALS AND METHODS

Microorganisms employed
Experiment 1: A standard American Type Culture Collection (ATCC) strain and 2 or 3 clinical isolates were used for each microorganisms; the standard strain ATCC6538 and 3 clinical isolates (N1, N2, N3) of Staphylococcus aureus, the standard strain ATCC13880 and 2 clinical isolates (N4, N5) of Serratia marcescens, the standard strain ATCC11778 and 3 clinical isolates (H1, H2, H3) of Bacillus cereus, and the standard strain ATCC10231 and 3 clinical isolates (N6, N7, N8) of Candida albicans.
Experiment 2: The standard strain was used for each microorganism; the ATCC653 of S. aureus, the ATCC13880 of S. marcescens, the ATCC11778 of B. cereus, and the ATCC10231 of C. albicans.
Test solutions
Experiment 1: A commercial TPN solution without lipid containing multivitamins (NP1; NEOPAREN-1, Otsuka Pharmaceutical Factory, Inc., Japan) was used. The composition of NP1 is shown in Table 1 , and the pH value is 5.6 and the osmotic pressure ratio to physiological saline (OPR) is approximately 4.
Experiment 2: The other 2 commercial TPN solutions without lipid (AMINOTRIPA-1 and AMINOTRIPA-2, Otsuka Pharmaceutical Factory, Inc.) were supplemented with multivitamins (Otsuka MV Injection, Otsuka Pharmaceutical Factory, Inc.), and were used as the base solutions (AT1V and AT2V). The compositions of AT1V and AT2V are also shown in Table 1 . The pH value and OPR of AT1V are 5.5 and approximately 5, and those of AT2V are 5.5 and approximately 6. The other test solutions were prepared by adjusting the pH of AT1V and AT2V to about 6.0, 6.5, or 7.0 using 0.5 mol/L NaOH. The pH values of the prepared solutions were measured with the pH meter (SevenEasy S20, Mettler-Toledo GmbH, Switzerland), and the results are shown in Table 2 . 
Addition of microorganism, incubation and sampling
A specific number of each test microorganism was added to each 10 mL of test solutions in sterile plastic tubes, and all tubes were allowed to stand at room temperature (24-27ºC). An aliquot of test solution was sampled at 0, 24, and 48 hours after the addition of microorganisms.
Measurement of viable microorganisms
Each aliquot sampled was inoculated in Soybean Casein Digest (SCD) agar plate in duplicate. When necessary, the aliquot was diluted 10-fold to 10 7 -fold with physiological saline before inoculating. After 24-hour incubation at 37ºC, the number of colony forming units (CFU) of each microorganism was counted for each plate. The mean CFU of duplicate data was calculated for each aliquot, and the number of each microorganism per mL was calculated using the number of CFU per plate, aliquot volume, and diluting ratio. The results are shown as the values of CFU/mL in semi-logarithmic graphs.
The data from 1 standard strain and 2 or 3 clinical isolate strains of each species at 24 and 48 hours (Experiment 1) were analyzed using Student's t-test against the initial data (at 0 hour) to confirm the generality of the results for each species.
RESULTS
Experiment 1
All 4 strains of S. aureus did not increase in NP1 for 48 hours, and isolates N2 and N3 seemed to decrease (Figure 1a ). There was a significant decrease (p<0.05) in the mean value of the 4 strains at 48 hours after the addition of microorganisms.
All 3 strains of S. marcescens did not increase or decrease in NP1 for 48 hours (Figure 1b) , and there was no significant difference in the mean values of the 3 strains.
All 4 strains of B. cereus did not increase in NP1 for 48 hours (Figure 1c) , and there was a significant decrease (p<0.01) in the mean value of the 4 strains at 48 hours.
On the other hand, all 4 strains of C. albicans increased rapidly, reaching the maximum concentration within 48 hours (Figure 1d ). There were significant increases in the mean values of the 4 strains both at 24hours (p<0.05) and at 48 hours (p<0.01).
Experiment 2
In AT1V, the standard strain of S. aureus did not increase for 48 hours at pH6.0 as well as at the original pH5.5, but increased at pH6.5 and increased rapidly at pH7.0 (Figure 2) . The standard strains of S. marcescens ( Figure 3) and B. cereus ( Figure 4 ) also did not increase for 48 hours at pH5.5 and pH6.0; furthermore, these strains did not increase even at pH6.5 for 24 hours. However, these strains increased at pH7.0 as S. aureus. On the other hand, the standard strain of C. albicans increased rapidly and equally at any pH value, and reached the maximum concentration within 48 hours ( Figure 5) .
Also in AT2V, the standard strains of S. aureus (Figure 2) , S. marcescens (Figure 3) and B. cereus (Figure 4) did not increase at pH5.5 and pH6.0, but increased at pH6.5 and pH7.0, except that the growing rates were somewhat less than those in AT1V. The standard strain of C. albicans increased rapidly and reached the maximum concentration within 48 hours at any pH values in AT2V, and the growing rates were the same as those in AT1V ( Figure 5 ). 
DISCUSSION
To reduce catheter-related blood stream infection (CRBSI), we have to understand the growth properties of the microorganisms causing CRBSI. Therefore, we investigated the growth of the microorganisms that are known as the major causes of CRBSI, Staphylococcus aureus, Serratia marcescens, Bacillus cereus and Candida albicans, in total parenteral nutrition (TPN) solutions without lipid.
In a commercial TPN solution without lipid containing multivitamins (NP1; the pH value is 5.6 and the osmotic pressure ratio to physiological saline [OPR] is approximately 4), all of the standard strains and the clinical isolates of S. aureus, S. marcescens, and B. cereus did not increase. On the other hand, all strains of C. albicans increased rapidly in NP1. These results of Experiment 1 suggested that bacterial species such as Staphylococcus, Serratia and Bacillus can not increase in acidic (pH5.6 or lower) TPN solutions. In fact, the standard strains of these 3 bacterial species did not increase in the other TPN solutions (AT1V; the pH value is 5.5 and the OPR is approximately 5. AT2V; the pH value is 5.5 and the OPR is approximately 6). These standard strains of bacterial species did not increase even at pH6.0, but increased at pH6.5 and pH7.0. At pH6.5 and pH7.0, the growth rates of the standard strains of S. aureus, S. marcescens and B. cereus seemed to be suppressed slightly in AT2V (the OPR is approximately 6) compared with AT1V (the OPR is approximately 5). However, the standard strain of C. albicans increased similarly at any pH and both in AT1V and AT2V as well as in NP1.
TPN solutions are considered to be relatively good growth mediums for microorganisms due to the components, 3, 4 whereas a number of investigators have shown that TPN solutions containing hypertonic glucose and amino acids are poor growth media for most nosocomial pathogens, with the exception of Candida and other yeasts. 6,9-11 They estimated that the acidic pH and/or the hyperosmolality might suppress the bacterial growth. 9, 10, 12 The results of 3 bacterial species in this study demonstrated that the acidity of the TPN solution is the critical factor suppressing the bacterial growth, but that the hyperosmolality of conventional TPN solutions has a little effect. On the other hand, the results of C. albicans in this study demonstrated that both the acidic pH and the hyperosmolality of TPN solutions hardly have an effect on Candida growth as reported in other studies. 6, 11, 12 These results suggest that bacterial species cannot grow in TPN solutions without lipid due to the acidity (pH5.6 or lower), but Candida species can grow regardless of the acidity.
